(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



III 



(11) 



EP 1 058 267 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) intci. 7 : G11C 8/00, G11C 11/408 




06.12.2000 Bulletin 2000/49 


/OH \ 

(21) 


Application number: 00303502.9 




(22) 


Date of filing: 26.04.2000 






LJfcJbty Md IcU ^UiUIdULIiiy OLdlcb. 


T dllldUd, OllllllUill rUJIlbU LIU. 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Kanagawa 211-8588 (JP) 




MCNLPT SE 


• Matsumiya, Masato c/o Fujitsu Ltd. 




Designated Extension States: 


Kanagawa 211-8588 (JP) 




AL LT LV MK RO SI 








(74) Representative: Stebbing, Timothy Charles 


(30) 


Priority: 31.05.1999 JP 15105399 


Haseltine Lake & Co., 






Imperial House, 


(71) 


Applicant: FUJITSU LIMITED 


15-19 Kingsway 




Kawasaki-shi, Kanagawa 211-8588 (JP) 


London WC2B 6UD (GB) 


(72) 


inventors: 




• 


Takita, Masato Fujitsu Ltd. 






Kanagawa 211-8588 (JP) 





(54) Semiconductor memory 



(57) In a semiconductor memory, sub-decoders (6a- 
6h) in two adjacent sub-decoder groups (6A.6B) are mir- 
ror-arranged with respect to the boundary between the 
two blocks. Sub-select lines (7e-7h) are cross-connect- 
ed to the sub-decoders in one sub-decoder group (6B). 
This permits all sub-select lines (7a-7h) connected to 



the two adjacent sub-decoder groups (6A,6B) to be se- 
quentially selected in a certain direction in accordance 
with a sequentially incremented address. Even when 
shift redundancy processing is performed, the order of 
selection of these sub-select lines (7a-7h) does not re- 
verse itself owing to the mirror arrangement. 
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Description 

[0001] The present invention relates to semiconduc- 
tor memories, particularly to a semiconductor memory, 
such as a synchronous dynamic random-access mem- 
ory (to be referred to as SDRAM hereinafter), using a 
shift redundancy system and formed by arranging de- 
coding circuits of adjacent select lines (word lines) in a 
mirror image for the purpose of scale down. 
[0002] To increase the capacity and speed and re- 
duce the consumption power of a memory and to reduce 
the wiring pitch by scale down, the general approach is 
to use a hierarchical word line system in a semiconduc- 
tor memory such as SDRAM. In this hierarchical word 
line system, word lines are constituted by main select 
lines (mwl) and sub-select lines (swl). One select line 
selected by a main decoder (mwldec) is connected to a 
sub-decoder (swdec) having address information inputs 
for decoding and the corresponding sub-select line out- 
puts. This sub-decoder selects one sub-select line in ac- 
cordance with input address information. 
[0003] For example, when eight sub-select lines be- 
long to one main select line in a hierarchical word line 
system, to select one of these eight sub-select lines (1/8 
selection), the sub-decoder performs 1/8-decoding to 
select one sub-select line from a main select line select- 
ed by the main decoder. For this purpose, eight sub-de- 
coders are prepared for one main select line. Common- 
ly, to reduce the circuit pitch, these eight sub-decoders 
are divided into two groups. Four sub-decoders are ar- 
ranged at each end of a cell array block, and four sub- 
select lines run from these sub-decoders at one end al- 
ternately opposite to four corresponding sub-select lines 
at the other end in an interdigitated pattern. 
[0004] In this arrangement, to place four sub-decod- 
ers within the pitch of eight sub-select lines, some layout 
improvements are made; four sub-decoders are 
grouped as one. set, and signals and a power supply 
are shared by two adjacent sets. This is because the 
size of a semiconductor integrated circuit is an important 
factor that determines the size of the whole system, so 
a reduction of the chip size by sharing is desired. Also, 
the smaller the chip size is, the larger the number of 
chips can be fabricated from one wafer. Hence, it is es- 
sential to reduce the chip size by improving the layout 
efficiency. 

[0005] To reduce the chip size in the hierarchical word 
line system, a method is known by which adjacent de- 
coding circuits or decoding circuit sets are arranged in 
a mirror image (mirror arrangement or symmetrical ar- 
rangement) so that at least some decoding circuits or 
decoding circuit sets of word lines for selecting memory 
cells are shared. That is, a shared portion is formed in 
a pitch end portion of each decoding circuit or decoding 
circuit set, and decoders are constituted by turning them 
back at these shared portions. 

[0006] Figs. 1A and 1B are plan views for explaining 
the effect of space reduction by the mirror arrangement 



of the decoding circuits. Fig. 1A shows a common shift 
arrangement, not a mirror arrangement, of adjacent de- 
coding circuits. Fig. 1B shows a mirror arrangement of 
adjacent decoding circuits. 

5 [0007] As shown in Fig. 1B, when two decoding cir- 
cuits are mirror-arranged, a ground electrode (GND) 
can be shared by these decoding circuits. This can re- 
duce the space in a direction perpendicular to word lines 
compared to the shift arrangement as shown in Fig. 1 A. 

10 in this example, the space of two decoders in the direc- 
tion perpendicular to word lines is 3.2 ji m in the shift 
arrangement, whereas this space can be reduced to 2.4 
u.m in the mirror arrangement. That is, a space reduction 
of 0.8 |im is achieved. 

15 [0008] Semiconductor memories such as SDRAMs 
are mass-produced because of their characteristics as 
products, and it is necessary strictly to guarantee the 
quality of each individual product. To guarantee this 
quality, various tests and evaluations are conducted be- 

20 fore the shipment of products. The time required for 
these tests and evaluations is an important factor for de- 
termining the fabrication cost. 

[0009] In guaranteeing the quality of a semiconductor 
memory, a shift redundancy system is known as a meth- 

25 od of remedying defectives occurring in memory cells 
or word lines. In this shift redundancy system, the ad- 
dress of a main select line or a sub-select line is shifted 
one bit to the higher or lower bit position from a defective 
portion. In this system, address information on a defec- 

30 tive location to be subjected to redundancy processing 
is loaded upon start-up of a device. In accordance with 
this address information, the relationships between de- 
coders and drivers of select lines are appropriately 
switched, so that the defective address portion is not se- 

35 lected. Accordingly, no redundancy determination is 
necessary from the subsequent access, so it is.possible 
to increase the access speed, and reduce the consump- 
tion power. This address information of a defective por- 
tion is previously stored in an internal ROM or the like 

40 of a memory. Even if a memory cell or the like has a 
defect, therefore, by redundancy processing, the mem- 
ory can be operated normally, without selecting this de- 
fective memory cell. 

[001 0] This shift redundancy system will be described 
45 below with reference to Figs. 2 to 4. Figs. 2 to 4 are en- 
larged plan views of a cell array portion and a sub-de- 
coder portion. In Figs. 2 to 4, not only sets of four sub- 
decoders but also sub-decoders in each set are mirror- 
arranged. Of an externally input row address, a lower 
50 address (3 bits) is used to select a sub-decoder, and an 
address higher than that is used to select a main decod- 
er. 

[0011] When the lower bit address is incremented 
from 0, sub-select lines swl<0> to swl<31> juxtaposed 
55 from the upper end to the lower end of Fig. 2 are se- 
quentially selected as indicated by their numbers. Even 
when the externally given address is sequentially incre- 
mented, these select lines are not sequentially selected 
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from the end as shown in Fig. 2. This is so because ad- 
jacent sub-decoders are mirror-arranged, so the order 
of addresses on the device is inconsistent with the order 
of externally supplied addresses. 
[001 2] Sub-decoders on the right-hand side of the cell 
array in Fig. 2 are laid out such that sub-decoders 51 to 
54 selected by main select line <0> (mwl<0>) and sub- 
decoders 55 to 58 selected by a main select line <1> 
(mwl<1 >) are mirror-arranged with respect tc the bound- 
ary between the sub-decoders 54 and 55. 
[0013] Furthermore, of one set of the sub-decoders 

51 to 54 selected by main select line <0> (mwl<0>), the 
sub-decoders 51 and 52 and the sub-decoders 53 and 
54 are mirror-arranged with respect to the boundary be- 
tween the sub-decoders 52 and 53. Sub-decoders se- 
lected by the other main select lines <1> (mwl<1>) to 
<3> (mwl<3>) are similarly mirror-arranged. 

[0014] Accordingly, the sub-decoder 58 placed sym- 
metrically with the sub-decoder 51 with respect to the 
boundary between the sub-decoders 54 and 55 is com- 
posed of transistors having the same configuration as 
the sub-decoder 51 and is selected by the same address 
signal. This also holds true for pairs of the sub-decoders 

52 and 57, 53 and 56, and 54 and 55; these sub-decod- 
ers of each pair are symmetrically arranged with respect 
to the boundary and selected on the basis of the same 
address signal. 

[001 5] The sub-select lines connected to the sub-de- 
coders located on the right-hand side of Fig. 2 are se- 
lected in the order of swl<0>, sw2<2>, swl<4>, and 
swl<6> by supplying four address signals by selecting 
main select line <0>. After that, main select line <1> is 
selected to supply address signals in the same order. 
As a consequence, these sub-select lines are selected 
in the order as shown in Fig. 2. 

[001 6] To test and evaluate a semiconductor memory, 
it is sometimes necessary to select sub-select lines reg- 
ularly in a certain direction, in order to write data in the 
form of a specific pattern by a physical image in the stor- 
age of a memory cell to check the influence on adjacent 
memory cells, to check the influence when a memory 
cell at a specific distance from a memory cell of interest 
is repeatedly accessed, or to allow easy progress of an 
analysis when defects have occurred. For this purpose, 
arithmetic processing is sometimes done for addresses 
generated by an IC tester to select sequentially these 
sub-select lines in accordance with their positions. 
[0017] Fig. 3 shows an example in which arithmetic 
processing is performed for externally applied address- 
es. In this example, a lower address of a row address is 
used as a selection address of a sub-decoder, a higher 
address of the row address is used as a selection ad- 
dress of a main decoder, and the address is increment- 
ed from lower bits. Sub-select lines swl<0> to swl<16> 
juxtaposed from the upper end to the lower end of Fig. 
3 are selected in the order of numbers in parentheses 
shown in Fig. 3. 

[0018] As described above, sub-select lines can be 



sequentially selected in a certain direction by performing 
predetermined arithmetic processing for addresses 
generated from an IC tester. 

[0019] For example, this arithmetic processing per- 
5 formed for addresses generated by an IC tester is as 
follows: 

RAO = AO XOR A1 
RA1 = A1 XOR A2 
10 RA2 = A2 XOR A3 

RA3 = A3 
RA4 = A4 



[0020] In the above arithmetic processing, AO, A1,.... 
are original addresses generated by an IC tester, and 
these addresses are incremented. RAO, RA1,..., are ad- 
dresses after the logical operation, which the IC tester 
actually supplies to the device. 

[0021] In a memory in which sub-decoders are mirror- 
arranged as described above, sub-select lines can be 
sequentially selected in accordance with their physical 
positions by previously arithmetically processing ad- 
dresses generated by an IC tester and supplying the ob- 
tained addresses to the device. Accordingly, it is readily 
possible to obtain the correspondence between the se- 
quentially incremented addresses and the actually se- 
lected sub-select lines. This allows accurate testing/ 
evaluation of a semiconductor memory. 
[0022] Unfortunately, when addresses generated by 
an IC tester are given to a device after being arithmeti- 
cally processed as shown in Fig. 3, the following prob- 
lem arises if shift redundancy processing is performed. 
[0023] As shown in Fig. 4, assume that a defect has 
occurred in a block of main select line <1> and so main 
select lines are shifted one bit downward in Fig. 4 In or- 
der to perform a defect remedy process. In this case, if 
an address is incremented by performing the aforemen- 
tioned arithmetic processing by an IC tester, the order 
of selection of sub-select lines changes as indicated by 
the numbers in parentheses of Fig. 4. 
[0024] Referring to Fig. 4, X marks indicate that sub- 
select lines belonging to defective main select line <1> 
are not selected. That is, these select lines are not se- 
lected because redundancy processing is performed. 
[0025] As is apparent from this Fig. 4, in a block of 
main select line <0> before defective main select line 
<1>, sub-select lines are selected in order from the up- 
permost one. However, in blocks of main select lines 
<2> and <3> after defective main select line <1>, the 
order of selection of sub-select lines reverses itself. This 
reverse order of selection occurs because eight sub-de- 
coders selected by main select line <1> are mirror-ar- 
ranged with respect to eight sub-decoders selected by 
main select line <2>. That is, when main select line <1> 
is subjected to redundancy processing, address signals 
for the sub-decoders belonging to this main select line 
<1> are directly input to the sub-decoders belonging to 
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main select line <2>. This reverses the order of selection 
of these sub-decoders. 

[0026] When addresses from an IC tester are given 
to a device after being arithmetically processed as de- 
scribed above, sub-select lines after defective main se- 
lect line <1> are no longer sequentially selected in ac- 
cordance with their physical positions. This makes it dif- 
ficult to establish the correspondence between the ad- 
dresses generated by the IC tester and the actually se- 
lected sub-select lines. Consequently, it becomes im- 
possible to perform accurate testing/evaluation. 
[0027] As described above, when the conventional 
system is used in a semiconductor memory having mir- 
ror-arranged sub-decoders, to select sub-select lines in 
the intended order in testing/evaluation or the like, it is 
necessary previously to process input addresses arith- 
metically. Even when the arithmetically processed ad- 
dresses are input, sub-select lines cannot be selected 
in a predetermined order if defect remedy is performed 
by shift redundancy processing. 

[0028] The following means must be used to prevent 
this selection order change due to the presence/ab- 
sence of redundancy. 

[0029] The presence/absence of redundancy or a bit 
subjected to redundancy processing changes in accord- 
ance with the presence/absence of a defect or the loca- 
tion of a defect in each chip. To control all possible cases 
in the stage of testing/evaluation, address logical arith- 
metic expressions to be selected in accordance with the 
location of a defect are prepared and: (a) address infor- 
mation of a bit subjected to redundancy processing is 
checked whenever testing/evaluation is performed, and 
an appropriate address logical arithmetic expression 
corresponding to the address information is chosen; or 
(b) information on a defective address used when re- 
dundancy processing is performed is stored, and this 
information is extracted to select an appropriate address 
logical arithmetic expression and start testing/evalua- 
tion. 

[0030] In the above method (a), however, it is neces- 
sary to recheck the defect address, and this requires a 
long testing/evaluation time. As a consequence, the 
testing/evaluation cost rises. In the method (b), defect 
address information of each device must be stored in a 
certain storage device, resulting in an increase in the 
cost of hardware resources. An enormous cost rise re- 
sults when the number of devices to be processed in- 
creases. 

[0031] Furthermore, in both methods (a) and (b), it is 
necessary to prepare logical arithmetic expressions for 
address conversion for all possible combinations and 
define proper correspondence between defect address- 
es and these logical arithmetic expressions. This re- 
quires very cumbersome work. Also, actual redundancy 
processing requires troublesome processing, e.g., se- 
lecting an appropriate logical arithmetic expression by 
referring to the contents of the aforementioned defini- 
tion. 



[0032] It is a consideration of the present invention to 
provide, in a semiconductor memory in which decoding 
circuits of select lines are arranged in a mirror image 
manner, correspondence between input addresses and 
5 actually selected decoding circuits (select lines) even 
when shift redundancy processing is performed, without 
increasing the cost or performing any cumbersome 
processing. 

[0033] A semiconductor memory according to a first 
10 aspect of the invention comprising select lines coupled 
to memory cells, decoders for selecting one of the select 
lines, the decoders having output nodes and connection 
lines, each connected between one of the select lines 
and one of the output nodes of the decoders, and where- 
15 in at least two of the connection lines are cross coupled 
such that the position of a selected one of the select 
lines is shifted in order along a first direction in response 
to shifting an address signal. 

[0034] Preferably in the semiconductor memory, the 
20 decoders include a first and second decoder group 
which are adjacent each other and arranged to have a 
mirror image relationship. 

[0035] Preferably in the semiconductor memory, the 
connection lines include first and second connection 

25 lines, the first connection lines connected between cor- 
responding select lines and the first decoder group and 
the second connection lines connected between corre- 
sponding select lines and the second decoder group, 
and at least part of the first connection lines and at least 

30 part of the second connection lines are cross coupled. 
[0036] The semiconductor memory preferably further 
comprises main select lines, each selectively coupling 
one of the select lines, wherein the first decoder group 
comprises first decoders connected to one of the main 

35 select lines, and the second decoder group comprises 
second decoders connected to another one of the main 
select lines. 

[0037] Preferably the semiconductor memory has a 
first wiring layer and a second wiring layer arranged 
40 above the first wiring layer, and the two of the connection 
lines are disposed at the first and second wiring layer 
respectively. 

[0038] A semiconductor memory according to a sec- 
ond aspect of the invention comprises word lines cou- 

45 pled to memory cells, word decoders for selecting the 
word lines, and connection lines, each connected be- 
tween an output node of a corresponding one of the 
word decoders and a corresponding one of the word 
lines, wherein at least two of the connection lines are 

50 cross coupled. 

[0039] Preferably in the semiconductor memory, the 
at least two of the connection lines are cross coupled 
such that the position of a selected word line is sequen- 
tially shifted in response to shift of an address signal. 

55 [0040] The semiconductor memory preferably further 
comprises main word lines, wherein the word decoders 
are selectively connected to corresponding word lines 
with the main word lines in response to selection signals. 
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[0041] A semiconductor memory according to a third 
aspect of the invention comprises first word lines cou- 
pled to corresponding memory cells, second word lines 
coupled to corresponding memory cells, a first decoder 
group including first word decoders for selecting the first 5 
word lines, a second decoder group including second 
word decoders for selecting the second word lines, first 
connection lines, each connected between an output 
node of a corresponding one of the first word decoders 
and a corresponding one of the first word lines, second 10 
connection lines, each connected between an output 
node of a corresponding one of the second word decod- 
ers and a corresponding one of the second word lines, 
wherein at least two among the first and second con- 
nection lines are cross coupled. 

[0042] Preferably in the semiconductor memory, the 
at least two among the first and second connection lines 
are cross coupled such that position of selected word 
line is sequentially shifted in response to shift of an ad- 
dress signal. 

[0043] Preferably in the semiconductor memory, at 
least two of either of the first connection lines or the sec- 
ond connection lines are cross coupled. 
[0044] Preferably in the semiconductor memory, at 
least two of the first connection lines and at least two of 
the second connection lines are cross coupled. 
[0045] Preferably in the semiconductor memory, the 
first and second decoder group are arranged to have a 
mirror image relationship. 

[0046] The semiconductor memory preferably in- 
cludes a memory cell array in which the word lines are 
located, and wherein the first and second decoder group 
are disposed on both sides of the memory cell array. 
[0047] Since the present invention comprises the 
above technical means, the select lines connected to 
the decoders arranged to have the mirror image rela- 
tionship are selected in order in a certain direction on 
the basis of the sequentially applied address signals. 
Therefore, even when a defective portion undergoes re- 
dundancy processing, these select lines can always be 
selected in the same order. 

[0048] In the present invention, the connecting lines 
are switched in at least one of the input and output por- 
tions of the mirror-arranged decoders. Hence, the order 
of selection of the select lines can always be made prop- 
er regardless of the presence/absence of redundancy 
based on defects. Additionally, it is unnecessary to 
check each individual defect address or to pre-store 
necessary information in a memory. Consequently, it is 
possible to reduce particularly the time required for test- 
ing/evaluation in device fabrication and reduce the hard- 
ware for storing defect addresses and the like. Accord- 
ingly, the cost of the semiconductor memory can be re- 
duced. 

[0049] A detailed description of the present invention 
will now be given, by way of example, with reference to 
the accompanying drawings, in which: 



Figs. 1 A and 1 B are plan views showing an example 
of the effect of space reduction obtained by a mirror 
arrangement of decoding circuits; 
Fig. 2 is a plan view showing the order of selection 
of sub-select lines in address increment in a con- 
ventional semiconductor memory; 
Fig. 3 is a plan view showing the order of selection 
of sub-select lines when arithmetically processed 
addresses are input in the conventional semicon- 
ductor memory; 

Fig. 4 is a plan view showing the order of selection 
of sub-select lines when shift redundancy process- 
ing is performed in the conventional semiconductor 
memory; 

Fig. 5 is a plan view showing an outline of the ar- 
rangement of SDRAM as a semiconductor memory 
according to an embodiment of the present inven- 
tion; 

Figs. 6A to 6D are schematic views showing the 
connections between sub-decoders and sub-select 
lines in a cell array of the SDRAM shown in Fig. 5; 
Fig. 7 is a plan view showing the arrangement of 
four sub-decoder groups in the first embodiment; 
Figs. 8A and 8B are plan views showing practical 
connecting portions between sub-decoder groups 
and sub-select lines in the first embodiment; 
Figs. 9A and 9B are plan views showing practical 
connecting portions between sub-decoder groups 
and sub-select lines in the second embodiment; 
and 

Figs. 10A and 10B are plan views showing practical 
connecting portions between sub-decoder groups 
and sub-select lines in the second embodiment. 

-First Embodiment- 

[0050] The first embodiment of the present invention 
will be described below with reference to the drawings. 
Fig. 5 is a plan view showing an outline of the arrange- 
ment of a cell array block unit of SDRAM as a semicon- 
ductor memory according to the first embodiment. Figs. 
6A to 6D are schematic views showing the connections 
between sub-decoders and sub-select lines in the cell 
array block unit of the SDRAM shown in Fig. 5. Referring 
to Figs. 6A to 6D, two sets of four sub-decoders are mir- 
ror-arranged and sub-decoders in each set are not mir- 
ror-arranged, for the sake of simplicity. 
[0051] First, the arrangement of the SDRAM will be 
described with reference to Fig. 5. In this SDRAM, a hi- 
erarchical word line system is used to perform 1/8 se- 
lection of sub-select lines from one main select line. 
Eight sub-decoders for this 1/8 selection are arranged 
such that four sub-decoders are placed at each end of 
a cell array, and eight sub-select lines are driven in an 
interdigitated pattern. As in the semiconductor memory 
explained with reference to Figs. 2 to 4, sub-decoders 
are mirror-arranged, and a shift redundancy system is 
used as a defect remedy system for main select lines. 
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[0052] Referring to Fig. 5, a read-only memory (rom) 
1 stores the presence/absence of redundancy and ad- 
dress information on an object when redundancy 
processing is to be performed. A main decoder (mwl- 
dec) 2 is a block for selecting one main select line driver 
(mwldrv) 3. This main select line driver 3 is a block for 
driving a main select line (mwl) 4 in accordance with a 
selected main decoder 2. A system controller 5 is a block 
for constructing an appropriate connection between the 
main decoder 2 and the main select line driver 3 on the 
basis of the stored information of the rom 1 . 
[0053] A sub-decoder group (swdec4) 6 is a block for 
driving one of sub-select lines 7 (in Fig. 5, eight lines) 
connected to the main select line 4 selected by the main 
decoder 3. That is, one sub-decoder group 6 includes 
four sub-decoders, and one of the eight sub-select lines 
7 connected in an interdigitated pattern to two sub-de- 
coder groups 6 at the two ends of the cell array is se- 
lected. A sense amplifier (senseamp) 8 is a block for 
amplifying stored data read from a memory cell. 
[0054] Figs. 6A to 6D are enlarged plan views show- 
ing connecting portions between sub-decoder groups 
6A and 6B and sub-select lines 7a to 7h in the cell array 
block unit shown in Fig. 5. Fig. 6B shows the first em- 
bodiment, and Fig. 6A shows a comparative example of 
this first embodiment. First, selection of the sub-select 
lines 7a to 7h connected to the two adjacent sub-decod- 
er groups 6A and 6B will be described below with refer- 
ence to the comparative example of Fig. 6A. 
[0055] Referring to Fig. 6A, the adjacent sub-decoder 
groups 6A and 6B are arranged to have a mirror rela- 
tionship. A mirror relationship means that the basic 
structures of these adjacent sub-decoder groups 6A and 
6B are arranged to have a mirror relationship (mirror im- 
age relationship). So, connecting lines and the like need 
not be mirror-arranged. Four types of address signals, 
i.e., signals <0> <2> <4>, and <6>, are input to these 
sub-decoder groups 6A and 6B arranged on one side of 
the cell array. These signals correspond to the four sub- 
select lines 7a to 7d connected to sub-decoders 6a to 
6d in the sub-decoder group 6A and the four sub-select 
lines 7h to 7e connected to sub-decoders 6h to 6e in the 
sub-decoder group 6B. 

[0056] Since the two adjacent sub-decoder groups 6A 
and 6B are mirror-arranged, input address signal <0> 
corresponds to the sub-connecting line 7a connected to 
the sub-decoder 6a and the sub-connecting line 7h con- 
nected to the sub-select line 6h, as shown in Fig. 6A. 
Input address signal <2> corresponds to the sub-con- 
necting line 7b connected to the sub-decoder 6b and the 
sub-connecting line 7g connected to the sub-select line 
6g. Analogously, input address signal <4> corresponds 
to the sub-connecting line 7c connected to the sub-de- 
coder 6c and the sub-connecting line 7f connected to 
the sub-select line 6f. Input address signal <6> corre- 
sponds to the sub-connecting line 7d connected to the 
sub-decoder 6d and the sub-connecting line 7e con- 
nected to the sub-select line 6e. 



[0057] In this arrangement, when the sub-decoder 
group 6A is selected by one main select line 4 and se- 
quentially given address signals <0>, <2>, <4>, and <6> 
for sub-decoder groups and then the sub-decoder group 
5 6B is selected by another main select line 4 and sequen- 
tially given address signals <0>, <2>, <4>, and <6>, the 
sub-select lines 7a to 7d are selected in the order indi- 
cated by an arrow A, and subsequently the sub-select 
lines 7e to 7h are selected in the order indicated by an 
10 arrow B. As explained in Fig. 3, therefore, to sequentially 
select the sub-select lines 7a to 7h in a certain direction, 
it is necessary to supply address signals subjected to a 
predetermined logical arithmetic operation. If shift re- 
dundancy processing is performed, the order of selec- 
ts tion reverses itself as shown in Fig. 4. 

[0058] In contrast to this, in the first embodiment as 
shown in Fig. 6B, the sub-select lines 7e to 7h are cross- 
connected to the sub-decoders 6e to 6h in the sub-de- 
coder group 6B as one of the two mirror-arranged sub- 
20 decoder groups. More specifically, in Fig. 6B, the sub- 
decoder 6e at the upper end of the sub-decoder group 
6B is connected to the sub-select line 7h at the lower 
end of the sub-select lines 7e to 7h. The sub-decoder 
6f as the second one from the upper end of the sub- 
25 decoder group 6B is connected to the sub-select line 7g 
as the second one from the lower end of the sub-select 
lines 7e to 7h. The sub-decoder 6g as the third one from 
the upper end of the sub-decoder group 6B is connected 
to the sub-select line 7f as the third one from the lower 
30 end of the sub-select lines 7e to 7h. The sub-decoder 
6h at the lower end of the sub-decoder group 6B is con- 
nected to the sub-select line 7e at the upper end of the 
sub-select lines 7e to 7h. 

[0059] That is, address signals <0> to <6> are input 
35 to the sub-decoders 6a to 6h in the same manner as in 
Fig. 6A. However, connections to the sub-select lines 
7e to 7h are switched at the outputs of the sub-decoders 
6e to 6h so that these sub-select lines are selected in a 
certain direction when address incrementing is per- 
40 formed. Accordingly, the sub-select lines 7e, 7f, 7g, and 
7h connected to the sub-decoder group 6B are selected 
by input address signals <0>, <2>, <4>, and <6>, re- 
spectively. 

[0060] The sub-select lines 7a to 7d are connected to 
45 the sub-decoders 6a to 6d in the sub-decoder group 6A 
in the same manner as in the comparative example of 
Fig. 6A. Therefore, in the arrangement according to the 
first embodiment shown in Fig. 6B, when the sub-de- 
coder group 6A is selected by the main select line 4 and 
50 sequentially given address signals <0>, <2>, <4>, and 
<6> and then the sub-decoder group 6B is selected and 
sequentially given address signals <0>, <2>, <4>, and 
<6>, the sub-select lines 7a to 7d are selected in the 
order indicated by an arrow C, and subsequently the 
55 sub-select lines 7e to 7h are selected in order in the 
same direction (arrow D). 

[0061] As described above, the sub-select lines 7e to 
7h are cross-connected to the sub-decoders 6e to 6h in 
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the sub-decoder group 6B. Consequently, sub-select 
lines (e.g., the sub-select lines 7a and 7e) in corre- 
sponding positions in the adjacent sub-decoders 6A and 
6B are selected on the basis of the same input address 
signal. 

[0062] Fig. 7 shows an arrangement in which sub-de- 
coder groups 6C and 6D having the same configuration 
as the sub-decoder groups 6A and 6B shown in Fig. 6B 
are juxtaposed with these sub-decoder groups 6A and 
6B. The sub-decoder group 6A is selected first and se- 
quentially given address signals <0>, <2>, <4>, and 
<6>, and then the sub-decoder group 6B is selected and 
sequentially given address signals <0>, <2>, <4>, and 
<6>, so as to select sub-select lines in the direction in- 
dicated by an arrow E. Assume that the sub-decoder 
group 6C undergoes redundancy processing when the 
sub-decoder groups 6C and 6D are similarly selected 
after that; even in this case, sub-select lines in the sub- 
decoder group 6D after the redundant portion are al- 
ways selected in the direction indicated by an arrow F 
in Fig. 7. This prevents the reversal of the order of se- 
lection of sub-select lines even when shift redundancy 
processing is performed. That is, sub-select lines can 
always be selected in a predetermined order in a certain 
direction. Consequently, it is possible to establish relia- 
bly the correspondence between addresses input to the 
device and actually selected sub-select lines when test- 
ing or evaluation is performed. 

[0063] Figs. 8A and 8B are plan views showing prac- 
tical connecting portions of the sub-select lines 7e to 7h 
with respect to the sub-decoder group 6B shown in Fig. 
6B. Fig. 8A is a plan view showing all hierarchical layers 
(all levels) of the connecting portions from the above. 
Fig. 8B is a plan view showing individual hierarchical lay- 
ers (levels 0 to 3). In Fig. 8B, level 0 indicates the up- 
permost hierarchical layer. Level 1 is a hierarchical layer 
which is lower than level 0 and in which the main select 
lines 4 are formed. Level 2 is a hierarchical layer which 
is lower than level 1 and in which bit lines are formed. 
Level 3 is a hierarchical layer which is lower than level 
2 and in which the sub-select lines 7 are formed. 
[0064] Referring to Fig. 8B, contact windows C1 are 
connecting portions for forming contacts between levels 
0 and 1. Contact windows C2 are connecting portions 
for forming contacts between levels 1 and 2. Contact 
windows C3 are connecting portions for forming con- 
tacts between levels 1 and 3. Contact windows C4 are 
connecting portions for forming contacts between levels 
2 and 3. 

[0065] As shown in Fig. 8B, the four sub-select lines 
7e to 7h are formed in the same hierarchical layer (level 
3) and connected to the sub-decoders 6e to 6h formed 
in the same hierarchical layer (level 2) above these sub- 
select lines 7e to 7h. Since the sub-decoder 6e is con- 
nected to the sub-select line 7h, this sub-select line 7h 
bends into an L shape to run up to a portion below the 
connecting line of the sub-decoder 6e. At the end of this 
sub-select line 7h, the contact window C4 forms a ver- 



tical contact. 

[0066] Since the sub-decoder 6f is connected to the 
sub-select line 7g, the connecting line of this sub-decod- 
er 6f runs up to a portion above the end portion of the 
5 sub-select line 7g. In this position, the contact window 
C4 forms a vertical contact. Analogously, the sub-de- 
coder 6g is connected to the sub-select line 7f, so this 
sub-select line 7f bends into an L shape to run up to a 
portion below the end portion of the connecting line of 
10 the sub-decoder 6g. In this position, the contact window 
C4 forms a vertical contact. 

[0067] Although the sub-decoder 6h is connected to 
the sub-select line 7e, the sub-decoders 6e to 6g inter- 
fere with this connection. Hence, the sub-decoder 6h 
and the sub-select line 7e are connected through a line 
9 formed in the uppermost hierarchical layer (level 0) 
and pads 1 0 and 11 formed in the hierarchical layer (lev- 
el 1) below level 0. That is, the sub-decoder 6h is con- 
nected to the pad 11 in the upper layer (level 1) through 
the contact window C2. The sub-connecting line 7e is 
connected to the pad 10 in the upper layer (level 1) 
through the contact window C3. These pads 10 and 11 
are connected by the line 9 formed in the upper layer 
(level 0) through the contact window C1 . In this manner 
the sub-decoder 6h and the sub-select line 7e are con- 
nected. 

[0068] As described above, the sub-select lines 7e to 
7h can be cross-connected to the sub-decoders 6e to 
6h by combining the uppermost wiring layer (level 0), 
the main select line layer (level 1 ), the bit line layer (level 
2), and the sub-select line layer (level 3). The line 9 and 
the pads 10 and 11 can be formed together with a con- 
ductive film in the same hierarchical layer. 
[0069] In the first embodiment of the present invention 
as described above, connecting lines are switched in 
connecting portions between sub-select lines and sub- 
decoders, since the order of selection reverses itself in 
accordance with redundancy/non-redundancy owing to 
the mirror arrangement of sub-decoders. This allows se- 
lection similar to that in a shift arrangement. 
[0070] That is, in this first embodiment, adjacent sub- 
decoder groups have a mirror relationship, and the order 
of extraction of all sub-select lines from sub-decoders 
on the mirror arrangement side is reversed in connect- 
ing portions to the cell array. Since transistors forming 
the sub-decoders remain mirror-arranged, these tran- 
sistors can be aligned in the pitch direction. So, the ex- 
isting configuration shown in Fig. 6A can be used. 
[0071] As shown in Fig. 8A, four connecting lines are 
switched by combining the three layers, i.e., the main 
select line layer, the bit line layer, and the uppermost 
wiring layer. Since this completely shifts the arrange- 
ment of sub-select lines, it is possible to prevent a se- 
lection order difference resulting from redundancy/non- 
redundancy during testing/evaluation. 
[0072] Accordingly, in the aforementioned first em- 
bodiment, when a mirror arrangement is employed to 
achieve scale down and the like of a semiconductor 
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memory, the order of selection of sub-select lines can 
be made proper even if defects are remedied by a shift 
redundancy system. Additionally, it is unnecessary to 
check each individual defect address whenever testing/ 
evaluation is performed or to pre-store defect addresses 5 
and address logical arithmetic expressions. This reduc- 
es the time required for testing/evaluation during the 
fabrication and reduces the storage area. Consequent- 
ly, the memory fabrication cost can be reduced. 
[0073] In this embodiment, of the two adjacent mirror- 
arranged sub-decoder groups 6A and 6B, the connec- 
tions between the sub-decoders 6e to 6h belonging to 
the sub-decoder group 6B on the mirror arrangement 
side and the sub-select lines 7e to 7h are switched so 
that these sub-select lines 7e to 7h are selected in order 
in a certain direction. However, it is also possible to 
switch the connections between the sub-decoders 6a to 
6d belonging to the sub-decoder group 6A arranged on 
the regular side and the sub-select lines 7a to 7d. 

-Second Embodiment- 

[0074] The second embodiment of the present inven- 
tion will be described below with reference to drawings. 
The difference of this second embodiment from the first 
embodiment is the connections of sub-select lines 7a to 
7h to sub-decoder groups 6A and 6B. The rest of the 
arrangement of SDRAM is the same as the first embod- 
iment, so the detailed description thereof will be omitted. 
[0075] Fig. 6C is an enlarged plan view showing con- 
necting portions between sub-decoders 6a to 6h and the 
sub-select lines 7a to 7h. Selection of the sub-select 
lines 7a to 7h connected to the two adjacent sub-decod- 
er groups 6A and 6B will be described below with refer- 
ence to Fig. 6C. 

[0076] In this second embodiment, as shown in Fig. 
6C, the sub-select lines 7a and 7d are cross-connected 
to two sub-decoders 6a and 6d in the sub-decoder group 
6A. That is, the sub-select line 7d is connected to the 
sub-decoder 6a, and the sub-select line 7a is connected 
to the sub-decoder 6d. Also, the sub-select lines 7f and 
7g are cross-connected to two sub-decoders 6f and 6g 
in the sub-decoder group 6B; the sub-select line 7g is 
connected to the sub-decoder 6f, and the sub-select line 
7f is connected to the sub-decoder 6g. The connections 
of the sub-select lines 7b, 7c, 7e, and 7h to the other 
sub-decoders 6b, 6c, 6e, and 6h are the same as in the 
comparative example shown in Fig. 6A. 
[0077] In the second embodiment, input address sig- 
nals to the sub-decoders are also switched unlike in the 
comparative example. That is, this second embodiment 
differs from the comparative example of Fig. 6A in that 
address signal <0> is input to the sub-decoders 6d and 
6e, and address signal <6> is input to the sub-decoders 
6a and 6h. Address signals <2> and <4> are input to the 
sub-decoders 6b and 6g and the sub-decoders 6c and 
6f, respectively, as in the comparative example. 
[0078] That is, in the input and output portions of the 



sub-decoders 6e to 6h, connections to the sub-select 
lines 7e to 7h are switched such that the sub-select lines 
are selected in order in a certain direction when address 
incrementing is performed. Accordingly, in the sub-de- 
coder group 6A, the sub-select line 7a connected to the 
sub-decoder 6d is selected by address signal <0>. Also, 
the sub-select line 7b connected to the sub-decoder 6b 
is selected by address signal <2>. Likewise, the sub- 
select line 7c connected to the sub-decoder 6c is select- 
ed by address signal <4>. The sub-select line 7d con- 
nected to the sub-decoder 6a is selected by address sig- 
nal <6>. 

[0079] In the sub-decoder group 6B, the sub-select 
line 7e connected to the sub-decoder 6e is selected by 
address signal <0>. Also, the sub-select line 7f connect- 
ed to the sub-decoder 6g is selected by address signal 
<2>. Likewise, the sub-select line 7g connected to the 
sub-decoder 6f is selected by address signal <4>. The 
sub-select line 7h connected to the sub-decoder 6h is 
selected by address signal <6>. 

[0080] Accordingly, when the sub-decoder group 6A 
is selected and sequentially given address signals <0>, 
<2>, <4>, and <6> and then the sub-decoder group 6B 
is selected and sequentially given address signals <0>, 
<2>, <4>, and <6> as in the first embodiment, the sub- 
select lines 7a to 7d are selected in the order indicated 
by an arrow C, and subsequently the sub-select lines 
7e to 7h are selected in order in the same direction (ar- 
row D). 

[0081] As described above, in the sub-decoder group 
6A, the sub-select lines 7a and 7d are cross-connected 
to the sub-decoders 6a and 6d, and input signals <0> 
and <6> to these sub-decoders 6a and 6d are switched. 
In the sub-decoder group 6B, the sub-select lines 7f and 
7g are cross-connected to the sub-decoders 6f and 6g, 
and input signals <0> and <6> to these sub-decoders 
6e and 6h are switched. Consequently, in the adjacent 
sub-decoder groups 6A and 6B, sub-select lines in cor- 
responding positions are selected on the basis of the 
same input address signal. 

[0082] Figs. 9A and 9B are plan views showing prac- 
tical connecting portions of the sub-select lines 7a to 7d 
with respect to the sub-decoder group 6A shown in Fig. 
6C. Fig. 9A is a plan view showing all hierarchical layers 
(all levels) of the connecting portions from the above. 
Fig. 9B is a plan view showing individual hierarchical lay- 
ers (levels 0 to 3). The positions of the individual hier- 
archical layers and two hierarchical layers connected by 
each of contact windows C1 to C4 are the same as in 
the first embodiment. 

[0083] As shown in Fig. 9B, the four sub-select lines 
7a to 7d are formed in the same hierarchical layer (level 
3) and connected to the sub-decoders 6a to 6d formed 
in the same hierarchical layer (level 2) above these sub- 
select lines 7a to 7d. Since the sub-decoder 6a is con- 
nected to the sub-select line 7d, this sub-select line 7d 
bends into an L shape to run up to a portion below the 
connecting line of the sub-decoder 6a. At the end of this 
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sub-select line 7d, the contact window C4 forms a ver- 
tical contact. 

[0084] Although the sub-decoder 6d is connected to 
the sub-select line 7a, the sub-decoders 6a to 6c inter- 
fere with this connection. Hence, the sub-decoder 6d 5 
and the sub-select line 7a are connected through a line 
9 formed in the uppermost hierarchical layer (level 0) 
and pads 10 and 11 formed in the hierarchical layer (lev- 
el 1) below level 0. That is, the sub-decoder 6d is con- 
nected to the pad 1 1 in the upper layer (level 1 ) through 10 
the contact window C2. The sub-connecting line 7a is 
connected to the pad 10 in the upper layer (level 1) 
through the contact window C3. These pads 10 and 11 
are connected by the line 9 formed in the upper layer 
(level 0) through the contact window C1 . In this manner, 15 
the sub-decoder 6d and the sub-select line 7a are con- 
nected. The sub-decoders 6b and 6c and the sub-con- 
necting lines 7b and 7c are not cross-connected. So, at 
the end portion of each of these parts, the contact win- 
dow C4 forms a contact. 20 
[0085] Figs. 10A and 10B are plan views showing 
practical connecting portions of the sub-select lines 7e 
to 7h with respect to the sub-decoder group 6B shown 
in Fig. 6C. Fig. 10A is a plan view showing all hierarchi- 
cal layers (all levels) of the connecting portions from the 25 
above. Fig. 1 0B is a plan view showing individual hier- 
archical layers (levels 0 to 3). The positions of the indi- 
vidual hierarchical layers and two hierarchical layers 
connected by each of contact windows C1 to C4 are the 
same as in Figs. 9A and 9B. 30 
[0086] As shown in Fig. 10A, the four sub-select lines 
7e to 7h are formed in the same hierarchical layer (level 
3) and connected to the sub-decoders 6e to 6h formed 
in the same hierarchical layer (level 2) above these sub- 
select lines 7e to 7h. Since the sub-decoder 6g is con- 35 
nected to the sub-select line 7f, this sub-select line 7f 
bends into an L shape to run up to a portion below the 
connecting line of the sub-decoder 6g. At the end of this 
sub-select line 7f, the contact window C4 forms a verti- 
cal contact. 40 
[0087] Also, the sub-decoder 6f is connected to the 
sub-connecting line 7g, so the connecting line of this 
sub-decoder 6f bends into an L shape to run up to a 
portion above the sub-connecting line 7g. At the end of 
this connecting line, the contact window C4 forms a ver- 45 
tical contact. The sub-decoders 6e and 6h and the sub- 
connecting lines 7e and 7h are not cross-connected. 
Therefore, at the end portion of each of these parts, the 
contact window C4 forms a contact. 

[0088] As described above, by combining the upper- 50 
most wiring layer (level 0), the main select line layer (lev- 
el 1), the bit line layer (level 2), and the sub-select line 
layer (level 3), the sub-select lines 7a and 7d can be 
cross-connected to the sub-decoders 6a and 6d, and 
the sub-connecting lines 7f and 7g can* be cross-con- 55 
nected to the sub-decoders 6f and 6g. The line 9 and 
the pads 10 and 11 can be formed together with a con- 
ductive film in the same hierarchical layer. 



[0089] In the second embodiment of the present in- 
vention as described above, the adjacent sub-decoder 
groups 6A and 6B are arranged to have a mirror rela- 
tionship. In the sub-decoder group 6A on the regular ar- 
rangement side, two input signals connected to the sub- 
decoders 6a and 6d are switched. Also, in connecting 
portions to the cell array, the connections of the sub- 
select lines 7a and 7d to the sub-decoders 6a and 6d 
whose input signals are switched are switched. In the 
sub-decoder group 6B on the mirror arrangement side, 
input signals to the two outside sub-decoders 6e and 6h 
are switched. Also, in connecting portions to the cell ar- 
ray, the connections of the sub-select lines 7f and 7g to 
the sub-decoders 6f and 6g whose input signals are not 
switched are switched. 

[0090] As described above, by switching two input 
signals to each of the sub-decoder groups 6A and 6B 
and switching two sub-select lines in connecting por- 
tions to the cell array in each of the sub-decoder groups 
6A and 6B, an effect equivalent to that of the first em- 
bodiment can be obtained without switching all four sub- 
connecting lines on the mirror arrangement side. As in 
the first embodiment, transistors forming the sub-decod- 
ers remain mirror-arranged, so these transistors can be 
aligned in the pitch direction. Therefore, the existing 
configuration shown in Fig. 6A can be used. 
[0091] As shown in Figs. 9A, 9B, 10A, and 10B, two 
inside connecting lines in the sub-decoder group 6B are 
switched by combining the sub-select line layer and the 
bit line layer. Also, two outside connecting lines in the 
sub-decoder group 6A are switched by combining the 
main select line layer, the bit line layer, and the upper- 
most wiring layer. Since this completely shifts the ar- 
rangement of sub-select lines, it is possible to prevent 
a selection order difference resulting from redundancy/ 
non-redundancy during testing/evaluation. 
[0092] Accordingly, in the aforementioned second 
embodiment, when a mirror arrangement is employed 
to achieve scale down and the like of a semiconductor 
memory, the order of selection of sub-select lines can 
be made proper even if defects are remedied by a shift 
redundancy system. Additionally, it is unnecessary to 
check each individual defect address whenever testing/ 
evaluation is performed or to pre-store defect addresses 
and address logical arithmetic expressions. This reduc- 
es the time required for testing/evaluation during the 
fabrication and reduces the storage area. Consequent- 
ly, the memory fabrication cost can be reduced. 
[0093] Furthermore, in the second embodiment, it is 
unnecessary to switch the connections of sub-select 
lines to all decoders in sub-decoder groups. This can 
minimize the space required by switching of the connec- 
tions. That is, in the first embodiment, a maximum of 
three contact windows are juxtaposed in the direction of 
select lines as indicated by level 2 or level 3 in Fig. 8B. 
By contrast, in this second embodiment shown in Figs. 
9A, 9B, 10A, and 10B, a maximum of two contact win- 
dows need only be formed in this direction, so the area 
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of these contact windows can be reduced accordingly. 
-Third Embodiment- 

[0094] The third embodiment of the present invention 
will be described below with reference to drawings. The 
difference of this third embodiment from the first embod- 
iment is the connections of input address signals to a 
sub-decoder group 6B. The rest of the arrangement of 
SDRAM is the same as the first embodiment, so the de- 
tailed description thereof will be omitted. 
[0095] Fig. 6D is an enlarged plan view showing con- 
necting portions between sub-decoders 6a to 6h and 
sub-select lines 7a to 7h. Selection of the sub-select 
lines 7a to 7h connected to two adjacent sub-decoder 
groups 6A and 6B will be described below with reference 
to Fig. 6D. 

[0096] In this third embodiment, the sub-decoder 
group 6B is formed by a shift arrangement, rather than 
a mirror arrangement, with respect to the sub-decoder 
group 6A. Therefore, input address signals to the sub- 
select lines 7e to 7f connected to the sub-decoder group 
6B are identical with input address signals to the sub- 
select lines 7a to 7d connected to the sub-decoder 
group 6A. 

[0097] Accordingly, in the sub-decoder group 6A, the 
sub-select line 7a connected to the sub-decoder 6a is 
selected by address signal <0>. Also, the sub-select line 
7b connected to the sub-decoder 6b is selected by ad- 
dress signal <2>. Likewise, the sub-select line 7c con- 
nected to the sub-decoder 6c is selected by address sig- 
nal <4>. The sub-select line 7d connected to the sub- 
decoder 6d is selected by address signal <6>. 
[0098] In the sub-decoder group 6B, the sub-select 
line 7e connected to the sub-decoder 6e is selected by 
address signal <0>. Also, the sub-select line 7f connect- 
ed to the sub-decoder 6f is selected by address signal 
<2>. Likewise, the sub-select line 7g connected to the 
sub-decoder 6g is selected by address signal <4>. The 
sub-select line 7h connected to the sub-decoder 6h is 
selected by address signal <6>. 

[0099] Accordingly, when the sub-decoder group 6A 
is selected and sequentially given address signals <0>, 
<2>, <4>, and <6> and then the sub-decoder group 6B 
is selected and sequentially given address signals <0>, 
<2>, <4>, and <6> as in the first embodiment, the sub- 
select lines 7a to 7d are selected in the order indicated 
by an arrow C, and subsequently the sub-select lines 
7e to 7h are selected in order in the same direction (ar- 
row D). 

[0100] In the third embodiment of the present inven- 
tion as described above, transistors constituting the 
sub-decoder group 6B are shifted with respect to those 
of the sub-decoder group 6A. Consequently, without 
crossing the connections of the sub-select lines 7a to 
7h to the sub-decoders 6a to 6h, it is possible to prevent 
a selection order difference resulting from redundancy/ 
non-redundancy during testing/evaluation as in the first 



embodiment. Therefore, an effect similar to that of the 
first embodiment can be obtained. Additionally, even 
when the mirror arrangement of decoders has an inhib- 
iting factor, the order of selection of sub-select lines can 

s be made proper. 

[0101] In each of the above embodiments, the con- 
nection between each sub-decoder and each sub-select 
line is explained. However, when main decoders are 
mirror-arranged, the present invention is also applicable 

10 to the connection between each main decoder and each 
main select line. Furthermore, the present invention can 
be applied not only to a semiconductor memory using a 
hierarchical word line system but also to a device in 
which adjacent decoders are mirror-arranged. 

15 [01 02] Also, the configuration of each component, the 
wiring, and the like presented in each of the above em- 
bodiments merely indicate practical examples for prac- 
ticing the present invention, so the technical scope of 
the present invention should not be limitedly interpreted 

20 by these examples. That is, the present invention can 
be practiced in various forms without departing from the 
principal features of the invention. 



1 . A semiconductor memory comprising: 

select lines coupled to memory cells; 
decoders for selecting one of said select lines, 
the decoders having output nodes; and 
connection lines, each connected between one 
of said select lines and one of the output nodes 
of said decoders, 

wherein at least two of said connection lines are 
cross coupled such that the position of a select- 
ed one of said select lines is shifted in order 
along a first direction in response to shifting an 
address signal. 

2. The semiconductor memory as claimed in claim 1 , 
wherein said decoders include a first and second 
decoder group which are adjacent each other and 
arranged to have a mirror image relationship. 

3. The semiconductor memory as claimed in claim 2, 
wherein said connection lines include first and sec- 
ond connection lines, said first connection lines 
connected between corresponding said select lines 
and said first decoder group and said second con- 
nection lines connected between corresponding 
said select lines and said second decoder group, 

and wherein at least part of said first connec- 
tion lines and at least part of said second connection 
lines are cross coupled. 

4. The semiconductor memory as claimed in claim 2 
or 3, further comprising: 
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main select lines, each selectively coupled to 
one of said select lines, 

wherein said first decoder group comprises first 
decoders connected to one of said main select 
lines, and said second decoder group compris- 5 
es second decoders connected to another one 
of said main select lines. 

5. The semiconductor memory according to any pre- 
ceding claim, wherein the semiconductor memory 
has a first wiring layer and a second wiring layer 
arranged above the first wiring layer, and said two 
of said connection lines are disposed at said first 
and second wiring layer respectively. 

6. A semiconductor memory comprising: 

word lines coupled to memory cells; 
word decoders for selecting said word lines; 
and 

connection lines, each connected between an 
output node of a corresponding one of said 
word decoders and a corresponding one of said 
word lines, 

wherein at least two of said connection lines are 
cross coupled. 

7. The semiconductor memory as claimed in claim 6, 
wherein said at least two of said connection lines 
are cross coupled such that the position of a select- 
ed word line is sequentially shifted in response to 
shift of an address signal. 

8. The semiconductor memory as claimed in claim 6 
or 7, further comprising: 

main word lines, 

wherein said word decoders selectively con- 
nect corresponding word lines with said main 
word lines in response to selection signals. 



sponding one of said second word lines, 
wherein at least two among said first and sec- 
ond connection lines are cross coupled. 

10. The semiconductor memory as claimed in claim 9, 
wherein said at least two among said first and sec- 
ond connection lines are cross coupled such that 
the position of the selected word line is sequentially 
shifted in response to shift of an address signal. 

11. The semiconductor memory as claimed in claim 9, 
wherein at least two of either of said first connection 
lines or said second connection lines are cross cou- 
pled. 

12. The semiconductor memory as claimed in claim 9, 
wherein at least two of said first connection lines 
and at least two of said second connection lines are 
cross coupled. 

13. The semiconductor memory as claimed in any of 
claims 9 to 12, wherein said first and second decod- 
er group are arranged to have a mirror image rela- 
tionship. 

14. The semiconductor memory as claimed in any of 
claims 9 to 1 3, wherein said semiconductor memory 
includes a memory cell array in which said word 
lines are located, and wherein said first and second 
decoder group are disposed on both sides of said 
memory cell array. 
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9. A semiconductor memory comprising: 

first word lines coupled to corresponding mem- 
ory cells; 45 
second word lines coupled to corresponding 
memory cells; 

a first decoder group including first word decod- 
ers for selecting said first word lines; 
a second decoder group including second word 50 
decoders for selecting said second word lines; 
first connection lines, each connected between 
an output node of a corresponding one of said 
first word decoders and a corresponding one of 
said first word lines, 55 
second connection lines, each connected be- 
tween an output node of a corresponding one 
of said second word decoders and a corre- 
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